INTRODUCTION
Noisy data are often resigned to the "too hard" basket, and an expectation exists that incremental improvements in processing effort and technology will slowly recover interpretation confidence over a long period of time. Fortunately, acquisition technology has improved significantly in recent years, and high-density 3D acquisition methods (multi-streamer, OBC, and land) are now able to provide an optimally sampled 3D dataset, which will facilitate a long shelf life of sophisticated processing applications. Naturally, strong challenges remain for processing success in difficult areas, but the growth of "true" 3D seismic processing algorithms (eg, pre-stack migration, SRME demultiple, and other noise attenuation tools) is a direct complement to the growth of high-density 3D acquisition methods. Overall, the applications of better acquisition and processing technology in exploration are producing larger data volumes, demanding more rigorous and sophisticated processing efforts, and requiring the input of a more diverse range of experts.
The discussion below pursues the following factors.
• The continuing proliferation of 3D data volumes, and the associated explosion in effort required for processing QC and testing, demand the use of immersive visualisation technologies that are fast, flexible and portable. Modern inexpensive Linux-based systems now exist which are capable of interactively rendering hundreds of gigabytes (Gb) of multiple data attribute volumes.
This capacity allows the simultaneous integration of reconnaissance and reservoir-scale interpretation, whereby operations, processing, interpretation and engineering personnel can work together.
SUMMARY
Interpretation challenges in noisy data regions are well known. In such locations, slow improvements in drilling success have historically been based upon incremental improvements in seismic processing technology, and gradual improvements in interpreter experience and competence.
Using several 3D data examples, I demonstrate a variety of means by which interpretation confidence and success in difficult areas has been significantly improved by viewing the entire acquisition/processing/interpretation process as one entity. The use of immersive visualisation technology throughout the exploration process has proved to be invaluable, providing powerful QC of all acquisition and processing stages, and enabling the interpreter to overcome historical difficulties establishing what data components are noise, and which are valid primary events. This approach therefore allows an objective review of the key acquisition and processing issues affecting data quality, and provides a platform for 3D survey planning, 4D reservoir monitoring, processing QC, interpretation, and reservoir exploitation.
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•
Modern examples now exist where new interpretation results in challenging data environments can be interactively fed back in near-real time to drive and QC new acquisition and processing projects. Therefore, the traditional project workflow of acquisition, processing, and interpretation, is being seamlessly bundled into one simultaneous exercise more than ever before.
INTERPRETATION AND VISUALISATION TECHNOLOGY
Powerful tools in evaluating and processing seismic data have emerged out of visualisation technology development. 3D visualisation software has meant that larger amounts of data can be viewed and assessed by geoscientists (geophysical data processors and other geo-disciplines). This has led to improving not only the time-cycle for decision-making, but also their assessments and accuracies.
As one example of visualisation technology, holoSeis is a true (non-commercialised) Virtual Reality system developed by PGS for high-end visualisation of geoscience data. holoSeis is developed for use with any display device such as largescreen single-wall systems, multi-wall projection devices, portable desktop computers, and travelling notebooks, all with equivalent processing and rendering capability. Supported architectures are SGI, Linux, and Macintosh systems. By integrating visualisation, interpretation, well planning, and interactive processing capabilities, the holoSeis technology allows a seamless interaction between, and integration of, modelling, processing QC, acquisition QC and interpretation pursuits. The original key objective was to design a system that had no limits upon the data volume sizes that could be 3D-rendered and manipulated, and that several different volumes and attributes could be simultaneously manipulated. Speed and power are necessary complements to flexibility. Interpretation results can be freely exchanged with other (commercial) packages, again allowing a relatively seamless interaction between different experts and locations.
As one example, Figure 1 demonstrates how the rendering of results from 3D ray tracing (based upon actual acquisition information) onto interpreted surfaces can provide a direct appreciation of the link between acquisition issues, processing issues, geology and data characteristics. 
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VISUALISATION AND PROCESSING
Visualisation is a tool for viewing, extracting and collaborating information. Most importantly, visualisation is used to identify and concentrate on anomalies in the workflow, or identify areas of geological interest that have been highlighted, before continuing to the next phase in the analysis.
Comparison of datasets before and after an application is performed to ensure that parameter choice is correct, and that the planned, stepwise signal-to-noise improvement has been successfully obtained. This might be, for example, the removal of unwanted multiple energy via SRME multiple elimination procedures, as depicted in Figure  3 . The approach allows a rapid "recycling" of processing parameterisation until interpreters are satisfied with the data quality at a given target location.
3D visualisation technology, although originally designed for interpreters, has proved to be an ideal integration vehicle for seismic data processing. A significant portion of time in data processing has traditionally been employed at various stages of the workflows validating the picked velocity fields. With 3D visualisation, displays allow the co-display of 2D stacks with their associated pre-stack data, loaded as pseudo-3D volumes (eg, Figure 2 ). Consequently, stack responses can be compared alongside each unstacked CMP gather along the line, and also viewed in conjunction with velocity semblances computed continuously at every CMP. This enables a fast and fluent QC of the velocity interpretation with all the relevant pre-and post-stack data being available. Likewise, highresolution velocity analysis is no longer time and resourceconsuming. Such pre-stack analysis helps to configure a velocity field, ultimately used for stacking or migrating prestack traces, to form the post-stack volume. Within this velocity analysis routine, many different datasets are generally viewed simultaneously, including well information. Any anomalies in the velocity analysis can be quickly targeted in the visualisation system for further updating. Two-term velocities (or eta, η, analysis) and anisotropy can be viewed for confirmation of reliable results, thus reducing the risks of incorrect interpretations, and enhancing the quality of the resultant seismic images and subsequent interpretations. Updates can be performed through a local network in other applications, and interactively linked to the visualisation environment. Users are able to look at data from a new angle and extract information that was not possible before. This promises a step-change in the way that data processing can work and integrate with other disciplines involved in the life cycle of an oilfield project, from prospect to production. Consequently, more time is spent on technical assessments and decision-making within the typical project timeframe, whilst actual throughput has dramatically increased. For example, it is now possible to pick, edit and QC up to 3200 velocity locations a day by combining auto-pickers, fast QC and editing capabilities through the interactivity and interoperability of various applications (Taylor and Ellis, 2003) . The ability to generate fast and accurate models of the subsurface is critical in all data QC, data processing, data analysis, and interpretation. Just as geologists interpret structural events, the data processor needs to grow and edit items such as first-breaks for refraction statics or tomostatics computations, or building horizons such as water bottoms for inclusion in a processing flow. As a consequence, horizon generation and editing is strongly emphasized in the holoSeis system. The procedures are performed interactively in full 
INTERPRETATION OF COMPLEX DATA
A visualisation system, such as holoSeis, allows an unambiguous reconnaissance mapping exercise, which then provides a powerful constraint upon subsequent reservoirscale studies. The simultaneous use of different elastic and instantaneous attributes allows weak/poor data locations to be quickly and confidently mapped. Even when the S/N quality is "poor" on one attribute volume it will be better on another.
The 10 000 km 2 Brunei MC3D dataset acquired by PGS in 2001 was available in a variety of formats; full offset migrations, and near and far-angle stacks and migrations. Such a massive amount of data might ordinarily present an imposing interpretational challenge. However, the availability of visualisation technology that could simultaneously render, manipulate, and allow interactive interpretation of the entire dataset, with computing performance that was essentially independent of the size of the data volume being examined, enabled a regional interpretation and mapping exercise that was completed in only a few days. Individual prospects were then examined in detail, complemented where desired by conventional workstation interpretation platforms. The open link between both the PGS seismic modelling (Nucleus) and data processing (Cube Manager) platforms allowed a seamless ability to import modelling-based QC diagnostics, as well as importing additional processing products and attributes volumes created during the interpretation exercise, and without interrupting or inconveniencing any ongoing interpretation activities. Figure 5 illustrates the complexity of the shallow carbonates within the survey area. holoSeis allowed different processing versions to be simultaneously compared, as 2D and 3D slices, 3D-rendered volumes, and merged with attributes computed from navigation data and velocity functions. Existing 2D data were also used to guide parameterisation during production testing.
In Figure 4 , one of the many amplitude anomalies in the Brunei MC3D dataset has been interpreted within the holoSeis system. Given the highly complicated structural styles in this area, it was only possible to conceptualise the true scale and geometry of the potential reservoir using the holoSeis environment. In literally less than a few seconds, a "horizon grower" mapped several 3D surfaces, which then guided the excavation of volume-rendered data from a meander belt channel system. Correspondingly, the prospect mapping of the entire 10 000 km 2 volume was performed in a few days, rather than weeks or months using conventional workstation interpretation systems. The combination of a very large contiguous 3D data volume and an immersive visualisation system easily overcame the daunting challenges of a very complex structural region, which contained several areas of highly variable data quality. 
NOISY DATA AREA EXAMPLE
In the following example, the integrated use of HD3D acquisition and immersive visualisation technology has provided a step improvement in a notoriously noisy and difficult area. PGS acquired the 3 963 km 2 East Java multiclient HD3D survey in 2003. Previous seismic data from this region were extremely noisy, complicated by the many shallow carbonates pervasive throughout the area. The high signal-to-noise quality and excellent resolution of the new East Java Sea HD3D data are testament to the virtues of the HD3D acquisition method, and the contribution of holoSeis visualisation technology to processing QC.
Of significance, the immersive processing QC experience provided the interpreters with valuable insights into the data characteristics. Such knowledge is never obtained using "traditional" interpretation approaches, where a final data volume is delivered at the completion of processing, during which time minimal interaction occurred. The holoSeis approach brought the acquisition, processing, and interpretation personnel together from day one of the project. Consequently, interpretation of the final East Java result is pursued with greater confidence, despite the geologically challenging environment.
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4D TIME-LAPSE RESERVOIR MONITORING
Time-lapse (4D) reservoir monitoring presents many challenges to geophysicists on a scale never before encountered. In addition to the demands for a multidisciplinary understanding of the reservoir and the production process, several fundamental issues must be understood and quality controlled as they happen.
1.
Is the 3D acquisition progressing optimally, providing us with uniform subsurface illumination, repeatable offsets and azimuths, and with data quality and characteristics consistent with previous surveys? We must be able to diagnose and influence the acquisition during the survey. 2.
Is the 3D data processing incorporating offsets and azimuths consistent with previous processing efforts, free of acquisition artefacts, and performed in a manner that truly preserves amplitudes, phase and frequency bandwidth? We must be able to deliver a final dataset that meets all the requirements of the interpreters and engineers.
Integrated use of 3D model-based ray tracing and analysis within holoSeis provides the following information.
• QC of the subsurface coverage of a new monitor survey can be carried out close to real-time during acquisition, by using satellite FTP to transmit survey navigation data to the onshore centre, and the analysis results back to the vessel or client locations. • Illumination differences between base and monitor surveys can be properly QC'd and understood ( Figure  6 ). • A series of QC attributes can be used at all stages of the processing to easily visualise and check amplitude, time and phase differences along a time-slice through an attribute volume. More than one attribute can be visualised simultaneously.
• Alternatively, the QC attributes can be volume rendered (attributes with values under a specific threshold are set to be transparent, and remaining attribute samples are visible). This provides an immediate indication of the critical parts of the seismic volume.
• Seismic amplitudes along target horizons can be rapidly examined during all phases of the processing. Suspicious areas, including acquisition footprints, are easily detected (Widmaier et al, 2001) .
4D project management with visualisation technology provides the complete demonstration of how the entire acquisition/processing/interpretation process can be viewed and operated as one entity.
CONCLUSIONS
Immersive visualisation technology, such as the PGS holoSeis system, complements the entire seismic value chain, from presurvey planning, through acquisition and processing, to reservoir monitoring and production.
Correspondingly, interpretation confidence and success in difficult areas has been significantly improved.
In the context of "noisy" data, we should no longer be passively waiting for incremental improvements in seismic processing technology, and gradual improvements in interpreter experience and competence. The application of sophisticated 3D acquisition and processing technologies can be pursued more aggressively, benefiting from visualisation environments which are not restricted by data size or complexity.
Figure 6:. Target illumination for a 4D survey using P1/90 navigation data, combined with near-offset information. Acquisition-related attributes can be directly correlated with specific data features and characteristics. Such information can be used in near-real time to guide survey planning, acquisition infill planning and processing QC.
ACKNOWLEDGMENTS
Thanks to PGS Marine Geophysical for permission to publish these data.
holoSeis is a registered mark of Petroleum Geo-Services.
